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▼The embryonic development of the soil nematode
Caenorhabditis elegans has beenwell-studied and completely
characterized at the cell-lineage level (Ref. 1). However, the
impermeability of the C. elegans eggshell is problematic
for experiments that require the application of exogenous
compounds or manipulation of embryonic cells. A number
of methods have been developed to permeabilize eggshells,
including a procedure that allows complete removal of the
eggshell and access to embryonic cells (Ref. 2). Here, we de-
scribe a simple recipe for a culture medium that can be used
in such permeabilization experiments. The prime advan-
tage of this recipe is the ease of manufacture, using a small
number of readily available, standardized ingredients. Cul-
tured in this medium, C. elegans embryonic cells continue
to divide and will differentiate in vitro to produce many of
the same tissues as in an intact embryo (Ref. 34).
Simplified C. elegans embryonic growth
medium (SGM):
To 9 ml of Drosophila Schneiders’s Medium (Gibco), add:
1 ml of 5 mg/ml Inulin (Sigma) made in tissue-culture grade
Water (Gibco) by autoclaving briefly.
50 mg tissue-culture grade PVP powder (Sigma) (no dialysis
required)
100 µl Basal Medium Eagle vitamin solution (Gibco)
100 µl chemically defined lipid concentrate (Gibco)
100 µl penicillin-streptomycin (Gibco)
The above solution can be stored in aliquots at 4◦C for at
least a month.
The recipe is completed by the addition to 35% v/v of fetal
bovine serum (FBS; Gibco) that has been heat treated
for 30 minutes at 56◦C. For example, add 0.35 ml of
FBS to 0.65 ml of the above solution for a final volume
of 1 ml.
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The medium can now be used directly in experiments
using permeabilized C. elegans embryos or stored in aliquots
at 4◦C for up to a week.
It should be noted that a frequent source of variability
is the quality of FBS. The final osmolarity depends on the
amount of FBS added, and this can vary from 30% to 40%
v/v, depending on the particular batch of FBS used. The
trouble-shooting section below should be consulted to de-
termine whether adjustments are needed.
Permeabilization of the C. elegans eggshell
The following references can be consulted for permeabiliza-
tion techniques: laser-mediated permeabilization (Ref. 5),
permeabilization using coverslip pressure (Ref. 6), and en-
zymatic and mechanical removal of the eggshell (Ref. 2).
The latter reference also contains an extensive discussion of
techniques used to manipulate C. elegans embryonic cells.
Tips and trouble-shooting
Problem
Cells stop dividing.
Solutions
1) Medium hypertonicity can cause the cells to ‘dry-up’.
This is not very obvious because of the high concentration
of yolk in the cell. The final concentration of FBS should be
increased.
2) Check the medium for the growth of fungus. A little
‘fuzzball’ growing in the bottom of a medium aliquot can
go unnoticed, but it is lethal to the cells, perhaps owing to
the production of toxins or some sort of osmotic change
induced by the fungus.
Problem
Cells lyse, especially during division.
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Solution
Lysing is often an indicator of hypotonic media. The cells
are quite delicate during division. If they are lysing fre-
quently, try lowering the concentration of FBS in the
medium.
Problem
Cells do not fully differentiate.
Solution
1) Osmolarity problems (see above) can also affect differen-
tiation. Try varying the amount of FBS added.
2) The incubation time required to allow the cells to dif-
ferentiate can result in some drying of the medium. Be sure
that the incubation chamber used is sealed and at 100%
humidity.
3) The medium might be too old. Before addition of FBS,
the medium is good for about a month at 4◦C. After this,
the shelf-life is reduced to about a week at 4◦C.
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Products Used
Inulin: Inulin from Sigma
Tissue culture grade water: Tissue culture grade
water from Life Technologies (Gibco BRL)
Tissue culture grade PVP powder: Tissue cul-
ture grade PVP powder from Sigma
Basal medium eagle vitamin solution: Basal
medium eagle vitamin solution from Life Technologies
(Gibco BRL)
Chemically defined lipid concentrate: Chemi-
cally defined lipid concentrate from Life Technologies
(Gibco BRL)
Penicillin-Streptomycin: Penicillin-Streptomy-
cin from Life Technologies (Gibco BRL)
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